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(54) Container for housing optical components in an active fiber optical amplifier 



(57) The container for housing optical components 
(at least one active f tore, a plurality of passive optical 
components, a plurality of welds and optionally other 
special components) within a shell of an active fibre opti- 
cal amplifier comprises a first box element for reception 
of the passive optical components, a second box ele- 



ment for reception of the active fibre and a third box ele- 
ment for reception of the welds. The three box elements 
are constrained in a removable manner one against the 
other so as to form a monolithic container structure. 
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Description 

* 

The present invention relates to a container for hous- 
ing optical components within an active fibre optical 
amplifier. s 

An active fibre optical amplifier conprises various 
electrical, electro-optical and optical components. 
Between the optical components are at least one active 
fibre, one or more optical couplers and optionally optical 
insulators. Between the electro-optical components is at 10 
least one pumping laser and optionally one or more 
measuring diodes. The electrical components comprise 
power supply and control circuits. All the components 
must be located in the amplifier shell. 

The electrical components are normally arranged on 15 
one or more cards together with the electro-optical com- 
ponents. The arrangement of the electrical circuits does 
not present any particular problems and is provided in a 
manner similar to that of any electrical equipment by 
means of printed circuits on said cards or by means of 20 
leads welded to special terminals on the cards. 

Because of the structural constraints imposed by the 
optical fibres, arrangement of the optical components 
including active components (active fibres) and passive 
components (insulators, couplers) is more difficult. 25 

Indeed, the optical f tores can be curved only to a cer- 
tain minimum curvature radius without causing attenua- 
tion of the signal or even damage to the fibre structure. 
In addition, the connections between different fibres are 
made with special equipment providing an intimate con- 30 
nection of the ends of the two fibres by means of butt 
welding in such a manner as to minimise the signal atten- 
uation caused by the connections. Each weld thus cre- 
ated is encapsulated in a cylindrical protective shell. For 
the purpose of their location in the amplifier shell, this 35 
makes the welds assimilable to the passive optical com- 
ponents which are also generally cylindrical in shape. 
Lastly, each optical or electro-optical component is pro- 
vided with fibre lengths for connection to the other com- 
ponents. Said fibre lengths (commonly termed 'pigtails') 40 
have a certain length to permit repetition of welding in 
case of error or repositioning and the amplifier shell must 
therefore provide space for housing said lengths. A com- 
ponent without pigtail or with pigtail too short is no longer 
usable. 45 

Organisation of the optical components within the 
shell of an active fibre optical amplifier must allow for all 
these requirements. 

Normally there are provided housing for one or more 
spools of active fibre and means of partially winding the so 
pigtail (drums or similar elements). Arrangement of the 
remaining components depends on arrangement of the 
active fibre and the pigtails. Often the various passive 
components and the welds are arranged in the shell in a 
rather disorderly manner and assembly is therefore par- ss 
ticularly complicated. In addition, f ixing the components 
can be uncertain as it is achieved by means of hooks 
and/or silicon glue. 



European patent applications EP-A-0595395 and 
EP-A-0595396 descrfoe active f tore optical amplifiers in 
which the arrangement of the components is done in 
such a manner as to minimise the space occupied by the 
amplifier to facilitate its insertion in booths or cabinets. 
In these amplifiers there are provided specific seats for 
the active and passive optical components, the electro- 
optical components and the welds The seats are vari- 
ously arranged in the amplif ier shell. 

One problem underlying the present invention is to 
make rational the arrangement of the optical compo- 
nents in the shell of an active fibre optical amplifier both 
to achieve stable positioning of said components and to 
facilitate assembly and replacement of components. 

In addition, it is observed that by avoiding uncon- 
trolled stresses on the fibres, in particular during assem- 
bly, it is possible to achieve better amplifier performance. 

Consequently the present invention in a first aspect 
thereof relates to a container for housing optical compo- 
nents within a shell of an active fibre optical amplif ier with 
said components including at least one active fibre, a plu- 
rality of passive optical components and a plurality of 
welds and in which the passive optical components and 
the welds have an elongated cylindrical form with ends 
from which emerge optical fibre lengths and character- 
ised by comprising: 

- a first box element for reception of the passive opti- 
cal components, 

a second box element for reception of the active 
fibre, and 

a third box element for reception of the welds, and 
in which the three box elements are constrained in 
a removable manner one to the other so as to form 
a monolithic container structure. 

The optical components are thus housed in an 
orderly manner in the container. Specifically each class 
of optical components is housed in a specific box ele- 
ment of the container together with all the other compo- 
nents of the same class. 

Advantageously in the first box element are formed 
seats side by side and parallel for insertion of each of the 
passive optical components in an insertion direction 
essentially orthogonal to the axis of said component. 

This arrangement allows maximum handling ease 
and minimum mechanical stress on the optical fibres dur- 
ing manufacture of the amplifier. Indeed, it is not neces- 
sary to make any axial movement of the optical 
components and therefore the risk of applying excessive 
axial traction on the fibres is completely avoided. 

Preferably the first box element has four side walls 
two by two opposed of which two opposed walls support- 
ing the optical elements extending in a direction X and 
two opposed structural connecting walls extending in a 
direction Y orthogonal to direction X with each of the 
seats for the passive optical components comprising a 
pair of opposed grooves formed in the supporting walls 
and extending in a direction 2 orthogonal to the direc- 
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tions X and Y with slots provided on the bottom of the 
grooves for passage of the optical fibre lengths emerging 
from the passive optical components. 

The seats formed in this manner are easy to access 
and permit housing of several equal components in the s 
same seat one over the other if the dimensions of the 
components allow it. 

Preferably the second box element is formed like a 
tray with a flat bottom and filleted side walls for reception 
of at least one loose active fibre skein, i.e. not wound on 10 
spool. Such a housing of the active fibre shelters the ftore 
from any stress due to traction caused by a shortening 
of the f tore due to surrounding temperature variations. 

Preferably the bottom is provided with a central 
relief, however the skein is not wound around the central 15 
relief but is merely laid around it loosely. Said relief 
serves to limit the possible curve radius of the active f fore 
by preventing reaching an excessive curvature, e.g. fol- 
lowing uncontrolled traction on the fibre during assembly 
or subsequent maintenance. 20 

Preferably in the third box element is formed at least 
one bank of seats side by side and parallel for insertion 
of each of the welds in an insertion direction essentially 
orthogonal to the axis of the weld. 

This arrangement, as mentioned concerning the 25 
passive optical component seats, allows maximum han- 
dling ease and minimum mechanical stress on the opti- 
cal fibres during manufacture of the amplifier. Indeed it 
is not necessary to perform any axial movement of the 
optical components and hence the risk of applying to the 30 
fibres an excessive axial traction is completely avoided. 
In particular, as concerns the welds, transfer of the weld- 
ing equipment (positioned appropriately beside the 
amplifier shell) to one of the seats is extremely easy and 
stress) ess for the fibres. 35 

Preferably in the third box element are formed two 
banks of coplanar seats butted one on the other with off- 
set between the seats of one bank and the seats of the 
other bank equal to the breadth of approximately one- 
half seat. Indeed, usually the length of the cylindrical 40 
bodies of the welds is significantly less than the length 
of the passive components and therefore this arrange- 
ment permits better space utilisation without however 
causing stress on the optical fibres thanks to the offset 
between the seats of one bank and seats of the other. 45 
TTie pigtail emerging from the weld in one seat of the first 
bank does not face a weld of the other bank but the space 
between a weld and the seat housing it and can therefore 
maintain a rectilinear run along a generatrix of said weld 
of the other bank. so 

Advantageously the first and second box elements 
have a similar external conformation roughly parallelepi- 
ped and in the assembly of the container the first box 
element is mounted on the second box element to close 
it This stacking ensures maximum compactness of the 55 
entire container. 

Preferably the third box element is constrained lat- 
erally to the first and/or second box element by means 
of a dovetail tongue and groove coupling or equivalent 



in such a manner as to allow mutual coupling by means 
of simple sliding. 

Advantageously the first and third box elements are 
closed by a respective cover. 

Advantageously there can be provided a fourth box 
element for reception of special optical components and 
constrained laterally to the first and/or second box ele- 
ment by means of grooved coupling on the side opposite 
the third box element The coupling will be quite analo- 
gous to that of the third box element In the fourth box 
element can find housing e.g. a so-called twin-core filter. 

In a specific aspect the present invention relates to 
a container for housing of passive optical components 
within an active fibre optical amplifier shell in which the 
passive optical components have an elongated cylindri- 
cal form with ends from which emerge optical fibre 
lengths and characterised by comprising seats side by 
side and parallel for insertion of each of the passive opti- 
cal components in an insertion direction essentially 
orthogonal to the axis of said component. 

In another specific aspect the present invention 
relates to a container for housing of at least one active 
f fore within an active fibre optical amplifier shell and char- 
acterised by comprising a box element shaped like a tray 
with a flat bottom and filleted side walls for reception of 
at least one loose active fibre skein, i.e. not wound on a 
spool. 

In a last specific aspect the present invention relates 
to a container for housing of welds within an active fibre 
optical amplifier shell in which the welds have an elon- 
gated cylindrical form with ends from which emerge opti- 
cal f fore lengths and characterised by comprising at least 
one bank of seats side by side and parallel for insertion 
of each of the welds in an insertion direction essentially 
orthogonal to the axis of said weld. 

In a different aspect the present invention relates to 
a method for the arrangement of components within an 
active fibre optical amplifier shell with said components 
including at least one active fibre, a plurality of passive 
optical components, a plurality of welds, and character- 
ised by: 

- housing the passive optical components in a first box 
element, 

housing the active fibre in a second box element 

- housing the welds in a third box element, and 

- constraining in a removable manner the three box 
elements one to the other so as to form a monolithic 
container structure. 

Further characteristics and advantages of the 
present invention are clarified by the following descrip- 
tion of a an active fibre optical amplifier given with refer- 
ence to the annexed drawings wherein: 

FIG. 1 shows a schematic perspective view of an 
active fibre optic amplifier provided in accordance 
with the present invention, 
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FIG. 2 shows an exploded perspective view of the 
container for optical components in the amplifier of 
FIG.1, 

FIG. 3 shows a cross section view of the container 
of FIG. 2, 

FIG. 4 shows a plan view of the container of FIG. 2, 
- FIG. 5 shows a partially cross sectioned perspective 

view of a detail of the container of FIG. 1 , and 
• FIG. 6 shows an exploded perspective view of 

another detail of the container of FIG. 1 . 

With reference to the figures, reference number 1 
indicates as a whole an active fibre optical amplifier hav- 
ing a box shell 2 of essentially flattened parallelepiped 
form and with a rectangular bottom 3 and side walls 4. 
On the bottom 3 is placed or directly formed an electronic 
card incorporating or supporting electric, electronic and 
electro-optical components of the amplifier including the 
pumping lasers. For drawing simplicity however said 
components are shown only summarily in the FIGS, 
because foreign to the present invention. Specifically a 
pumping laser 4a is shown. 

The shell 2 is mounted in turn on a card 5a incorpo- 
rating additional electric components among which one 
or more multiconductor connectors 6a. In addition, on the 
card 5a are housed two optical connectors 7a and 7b for 
inlet to and outlet from the amplifier 1 . 

In the shell 2 is mounted a container 5 for housing 
the optical components of the amplifier 1. Said compo- 
nents in the example shown comprise specifically an 
active fibre 6, some couplers 7, some optical insulators 
8, a twin-core filter 9 and some welds 1 0 in addition nat- 
urally to the optical fibre lengths for connection of the var- 
ious components (the so-called pigtails), all indicated by 
1 1 . The elements 7 and 8 are also indicated generically 
as passive optical components in opposition to the f tore 
6 which is active. It is noted that the number of compo- 
nents shown must not be considered representative of a 
specific optical circuit configuration. For the purposes of 
the present invention indeed the particular optical circuit 
provided with a number of optical components is irrele- 
vant and in the FIGS, it is not sought to represent any 
specific optical circuit. 

The container 5 comprises four box elements and 
two covers all provided preferably in plastic material and 
constrained together in a removable manner so as to 
form a monolithic structure. 

A first box element 12 has an approximately paral- 
lelepiped form with four side walls opposed two by two 
and of which the two opposed walls 13 supporting the 
optical elements extend in a direction X and two opposed 
walls 1 4 for structural connection extend in a direction Y 
orthogonal to the direction X. 

In the box element 12 are provided side by side par- 
allel seats for reception of the passive optical compo- 
nents 7 and 8. Said seats comprise grooves 15 formed 
in the walls 1 3 in a direction Z perpendicular to the direc- 
tions X and Y The grooves 1 5 are open at one end (upper 
with reference to the FIGS.) and broken at the opposite 



end (lower with reference to the FIGS.). Each of the 
grooves 1 5 on each of the walls 13 is paired ideally with 
an equal corresponding groove 15 formed on the other 
of the walls 1 3 to form thus a seat for one or more passive 
5 components 7 and 8. The seats thus formed in the box 
element 12 are therefore side by side and parallel. On 
the bottom of each groove 1 5 is formed a slot 1 6 for pas- 
sage of the pigtail 1 1 of the components inserted in the 
seat. 

10 The shape and dimensions of the grooves 15 are 
determined by the shape and dimensions of the optical 
components to be inserted therein. Any differences, i.e. 
smaller components, can be compensated for with 
drilled elastic adapter caps 1 6a to be fitted on the com- 

15 ponent before insertion thereof in the grooves. The caps 
16a also fulfil a useful shock absorbing function against 
any mechanical vibrations to protect the respective opti- 
cal components. If very high shock absorption is required 
there can be provided specific shock absorbing blocks 

20 16b in which the individual optical components are 
installed. 

A second box element 1 7 also approximately paral- 
lelepiped in shape has the form of a tray with flat bottom 
1 8 and side walls 1 9 filleted together. In the box element 

25 1 7 is housed the active fibre 6 arranged not on a spool 
but loose in the form of a skein lying on the bottom 18 
and surrounded by the walls 1 9. On the bottom 1 8 is pro- 
vided a central relief 20 functioning as a guide in the 
arrangement of the skein of active fibre 6. The fibre 6 is 

30 not wound around the relief 20 but is only arranged 
around it loosely. In the side walls 19 are formed aper- 
tures 21 for passage of the active ffore 6. 

A third box element 22 is also approximately paral- 
lelepiped in form and comprises a plurality of seats for 

35 welds 10 arranged in two banks, to wit a first bank of 
seats 23 side by side and a second bank of seats 24 side 
by side. The seats 23 and 24 having the same form and 
dimensions (with length approximately half that of the 
box element 22) have the form of rectilinear channels 

40 open at the ends and on one side (the upper side with 
reference to the FIGS.). The two banks of seats 23 and 
24 are coplanar and butt against each other in an offset 
manner with an offset between the seats 23 and the 
seats 24 equal to approximately one half seat. 

45 A fourth box el ement 25 also approximately parallel- 
epiped in shape comprises a special seat 26 specifically 
for an optical component not housable in the seats of the 
box element 12. In the FIGS, is shown a flattened seat 
26 for housing a twin-core filter 9 with four outlet open- 

50 ings 27 for the four pigtails 1 1 of the filter 9. The box ele- 
ment 25 can be omitted where there are no special 
optical components requiring it. 

The box elements 12 and 17 have an essentially 
similar external form and are stackable so that the ele- 

55 ment 1 2 acts as a cover for the element 1 7. A true cover 
28 closes the top of the box element 1 2. The mutual fixing 
of the box elements 12 and 17 and the cover 28 takes 
place by means of screws or equivalent. The box ele- 
ments 22 and 25 are constrained to the element 12 by 
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means of dovetail tongue and groove coupling indicated 
by 29 and 30 respectively. Another cover 31 is provided 
for the top closing of the box element 22 fixed thereon 
by means of screws or equivalent. 

Assembly of the active fibre optical amplifier 1 takes s 
place as follows. 

First the active fflbre 6 is housed in the box element 
1 7 by setting it on the bottom 1 8 around the relief 20. The 
pigtails 1 1 of the active fibre 6 are passed outside the 
box element 1 7 through the apertures 21 . If the amplifier w 
calls for multiple active f tores 6 they can be housed in 
the same box element 17 (normally up to two) or in an 
additional identical box element superimposed on and 
constrained to the box element 1 7. 

Next are inserted the passive components (couplers is 
7 and insulators 8) in the box element 12 superimposed 
on the box element 12. Each component is inserted in 
its seat formed by the grooves 15 by mere traversing 
movement in the direction indicated by Z (vertical with 
reference to the FIGS.), hence perpendicular to the axis 20 
of said component. There are no particular problems in 
this step since each component is independent and free 
from the others. 

At this point, if not already done, there are fixed the 
box element 22 and optionally also the box element 25 25 
if any and in which are housed the special optical com- 
ponent 9. Even these operations both of fixing of the box 
elements 22 and 25 and insertion of the special compo- 
nent 9 take place by mere traversing of the parts in direc- 
tion Z. 30 

The step usually most diff icult of the assembly is per- 
formance of the weids 1 0 by means of a special machine, 
known and therefore not illustrated. For this purpose the 
container 5 is positioned beside the welding machine 
and each weld 10 performed is traversed in one of the 35 
seats 23 or 24. This movement also takes place in direc- 
tion Z. Thanks to the offset between the seats 23 and 24, 
the pigtails 11 emerging from the welds 10 inserted in 
the seats 23 pass with no need of bending through the 
seats 24 along a generatrix of the welds 1 0 housed in 40 
said seats 24 and vice versa. In the housing in the 
respective seats the welds 1 0 are traversed in direction 
Z and hence perpendicularly to their own axis thus elim- 
inating the risk of the optical fibres being subjected to 
axial traction which could be harmful. 45 

In making the welds 10 and arranging them in the 
respective seats 23 and 24 care must be taken in cor- 
rectly arranging the pigtails 1 1 outside the container 5 
within the walls 3 and 4 of the shell 2. 

After completion of insertion of the various conpo- so 
nents the container 5 is closed with the covers 28 and 31 . 

During the life of the amplifier 1 starting from the 
inspection step it may be necessary to do over some 
imperfect or damaged weld or to replace a defective opti- 
cal component. In such cases the present invention is ss 
particularly useful and not only due to the rational 
arrangement which makes the individual components 
readily identifiable. 



Indeed, with the covers 28 and 31 open all the com- 
ponents are easily ami immediately accessible. In par- 
ticular they can be removed from the container 5 by a 
simple movement in direction Z, i.e. perpendicular to the 
axis of the components. Such a movement induces nei- 
ther axial traction nor bending stress on the optical f tores. 
Replacement operations are thus much easier and safer. 

Claims 

1 . Container for housing optica) components within a 
shell of an active fibre optical amplifier with such 
components including at least one active fibre, a plu- 
rality of passive optical components and a plurality 
of welds and in which the passive optical compo- 
nents and the welds have an elongated cylindrical 
form with ends from which emerge lengths of optical 
fbre and characterised by comprising: 

a first box element for reception of the passive 
optical components, 

- a second box element for reception of the active 
fibre, and 

- a third box element for reception of the welds 
and in which the three box elements are con- 
strained in a removable manner to one another 
so as to form a monolithic structure of the con- 
tainer. 

2. Container in accordance with claim 1 wherein in the 
first box element are formed seats side by side and 
parallel for insertion of each of the passive optical 
components in an insertion direction essentially 
orthogonal to the axis of said component. 

3. Container in accordance with claim 2 wherein in the 
first box element has four side walls opposed two by 
two and of which two opposing walls supporting opti- 
cal elements extending in a direction X and two 
opposing structural connecting walls extending in 
direction Y orthogonal to direction X and each of the 
seats for the passive optical components comprising 
a pair of opposing grooves formed in the supporting 
walls and extending in direction Z orthogonal to the 
directions X and Y and slots being provided in the 
bottom of the grooves for passage of the optical fibre 
lengths emerging from the passive optical compo- 
nents. 

4. Container in accordance with claim 3 wherein there 
are provided drilled elastic adapter caps between 
the passive optical components and the respective 
seats with said caps fitted on the ends of the passive 
optical components. 

5. Container in accordance with claim 3 wherein in the 
seats for the passive optical components are pro- 
vided shock absorbing pads between which the pas- 
sive optical components are laid. 
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6. Container in accordance with claim 1 wherein the 
second box element is shaped like a tray with a flat 
bottom and f Dieted side walls for reception of at least 
one skein of loose active f tores. 

7. Container in accordance with claim 6 wherein the 
bottom is provided with a central relief. 

8. Container in accordance with claim 1 wherein in the 
third box element is formed at least one bank of 10 
seats side by side and parallel for insertion of each 
of the welds in a direction of insertion essentially 
orthogonal to the axis of said weld. 

9. Container in accordance with claim 8 wherein in the is 
third box element are formed two banks of coplanar 
seats butting one on another with offset equal to the 
breath of approximately one half seat between the 
seats of one bank and the seats of the other bank. 

20 

10. Container in accordance with any of the above 
claims wherein the first and the second box ele- 
ments have similar external conformation and in the 
assembly of the container the first box element is 
mounted on the second box element to close it. 25 



have an elongated cylindrical form with ends from 
•which emerge optical fibre lengths and character- 
ised by comprising at least one bank of seats side 
by side and parallel for insertion of each of the welds 
5 in an insertion direction essentially orthogonal to the 
axis of said weld. 

1 7. Method for the arrangement of components within a 
shell of an active fibre optical amplifier with said 
components including at least one active fibre and 
a plurality of passive optical components and a plu- 
rality of welds and characterised by: 

housing the passive optical components in a 
first box element, 

- housing the active ftore in a second box ele- 
ment, 

housing the welds in a third box element, and 

- constraining in a removable manner the three 
box elements one to the other so as to form a 
monolithic container structure. 



11. Container in accordance with claim 10 wherein the 
third box element is constrained laterally to the first 
and/or second box element by means of a grooved 
coupling. 30 

12. Container in accordance with claim 1 1 wherein the 
first and the third box elements are closed by a 
respective cover. 

35 

13. Container in accordance with claim 1 1 comprising a 
fourth box element for reception of special optical 
components and constrained laterally to the first 
and/or second box element by means of a grooved 
coupling on the side opposite the third box element. 40 

14. Container for housing passive optical components 
within a shell of an active ftore optical amplifier in 
which the passive optical components have an elon- 
gated cylindrical form with ends from which emerge 45 
optical fibre lengths and characterised by compris- 
ing seats side by side and parallel for the insertion 

of each of the passive optical components in an 
insertion direction essentially orthogonal to the axis 
of said component. so 

1 5. Container for housing at least one active fibre within 
a shell of an active ftore optical amplifier and char- 
acterised by comprising a box element shaped like 

a tray with a flat bottom and filleted side walls for ss 
reception of at least one loose active fibre skein. 

16. Container for housing of welds within a shell of an 
active fibre optical amplifier and in which the welds 
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